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(54) Suspension apparatus and suspension system

(57) A first front fork includes an outer tube, an inner tube, a tubular cylinder provided inside the outer tube and the
inner tube, a rod member moving relatively in an axial direction of the cylinder and having a space portion inside, which
is formed in the axial direction, a piston fixed to an end portion of a wheel side of the rod member and sectioning a space
in the cylinder into part of a rebound air spring chamber and an inner air spring chamber and a rod guide fixed to an end
portion of a vehicle-body side of the cylinder and sectioning a space in the inner tube into part of the rebound air spring
chamber and an outer air spring chamber.
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Description
BACKGROUND
1. Field of the Invention

[0001] The present invention relates to a suspension
apparatus and a suspension system.

2. Description of Related Art

[0002] For example, there is disclosed a front fork in-
cluding a damper leg and a spring leg arranged in parallel
in JP-A-2012-92945 (Patent Document 1), in which the
spring leg is constructed by inserting a vehicle body side
tube into an axle side tube or vice versa, disposing a
guide cylinder at a center inside one of the vehicle body
side tube and the axle side tube and inserting a guide of
a guide rod disposed at a center inside the other of the
vehicle body side tube and the axle side tube into the
guide cylinder, which has an inner air spring chamber
sectioned, inside the guide cylinder, by a guide of the
guide rod, an outer air spring chamber sectioned, at least
outside the inner air spring chamber in the guide cylinder,
by the vehicle body side tube and the axle side tube, and
a rebound air spring chamber sectioned by a rod guide
provided at the guide cylinder into which the guide rod is
inserted to support the guide rod and the guide of the
guide rod.

SUMMARY OF INVENTION

[0003] However, for example, in the front fork de-
scribed in Patent Document 1, the rebound air spring
chamber is constructed by a limited section sectioned by
being sandwiched between the rod guide and the guide
of the guide rod inserted into the guide cylinder. Accord-
ingly, it is difficult to secure a sufficient capacity in the
rebound air spring chamber. As a result, a compression
ratio of the rebound air spring chamber is liable to be
excessively increased, and it is difficult to stabilize a re-
action force in the vicinity of the maximum extension in
the extension-side stroke, therefore, difficulty may occur
in operational stability.

[0004] In view of the above, an object of the present
invention is to provide a suspension apparatus and so
on capable of securing a capacity of afirst chamber which
is, for example, arebound air spring chamber to be larger
to thereby suppress a compression ratio of the first cham-
ber so as not to increase excessively.

[0005] According to a first aspect of the presentinven-
tion, there is provided a suspension apparatus including
a vehicle-body side member formed in a tubular shape
and positioned on a vehicle body side, a wheel side mem-
ber formed in a tubular shape and positioned on a wheel
side, the wheel side member connecting to the vehicle-
body side member, moving relatively with respect to the
vehicle-body side member in an axial direction of the ve-
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hicle-body side member, a tubular cylinder provided in-
side the vehicle-body side member and the wheel side
member, a rod member positioned inside the vehicle-
body side member and the wheel side member, moving
relatively in an axial direction of the cylinder with move-
ment of the vehicle-body side member and the wheel
side member, a first sectioning member fixed to an end
portion of a wheel side of the rod member and provided
in a manner of contacting the cylinder so as to move in
the axial direction of the cylinder to thereby section a
space in the cylinder and a second sectioning member
fixed to an end portion of a vehicle-body side of the cyl-
inder and sectioning a space in the wheel side member,
in which a first chamber positioned on a rod member side
of the first sectioning member and on a cylinder side of
the second sectioning member to accommodate fluid, a
second chamber positioned on an opposite side of the
rod member side of the first sectioning member to ac-
commodate fluid and a third chamber positioned on an
opposite side of the cylinder side of the second sectioning
member to accommodate fluid are formed by the first
sectioning member and the second sectioning member,
each of the first to third chambers includes a filler gas
inside in a sealed stated so as to function as an air spring,
and the first to third chambers fail to communicate with
each other.

[0006] In the suspension apparatus according a sec-
ond aspect of the present invention, the cylinder may be
fixed so as to move with the wheel-side member in an
end portion of the wheel side, and the rod member may
be fixed so as to move with the vehicle-body side member
in an end portion of the vehicle-body side.

[0007] In the suspension apparatus according a third
aspect of the present invention, the first chamber may
include a space on the rod member’s side in the space
sectioned by the first sectioning member in the cylinder,
and a space on the cylinder’s side in a space between
the wheel side member and the cylinder, which is sec-
tioned by the second sectioning member.

[0008] The suspension apparatus according a fourth
aspect of the present invention further includes injection
ports for injecting a capacity adjustment material for ad-
justing a capacity of the first chamber and a capacity of
the second chamber.

[0009] In the suspension apparatus according a fifth
aspect of the present invention, the rod member may
have a space portion inside, which is formed in the axial
direction and the space portion may be connected to the
first chamber.

[0010] The suspension apparatus according to a sixth
aspect of the present invention further includes a gas
pressure adjustment portion for adjusting a pressure of
a filler gas in the second chamber, in which the second
chamber and the gas pressure adjustment portion com-
municate with each other through a tube.

[0011] In the suspension apparatus according a sev-
enth aspect of the present invention, the first sectioning
member may include a lateral-pressure reducing mem-
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ber that reduces a lateral pressure generated between
the first sectioning member and the cylinder.

[0012] According to an eighth aspect of the present
invention, there is also provided a suspension system
including first suspension unit including a suspension
spring made of an air spring and a second suspension
unit including a damping mechanism, in which the first
suspension unit has a vehicle-body side member formed
in a tubular shape and positioned on a vehicle body side,
a wheel side member formed in a tubular shape and po-
sitioned on a wheel side , the wheel side member con-
necting to the vehicle-body side member, moving rela-
tively with respect to the vehicle-body side member in an
axial direction of the vehicle-body side member, a tubular
cylinder provided inside the vehicle-body side member
and the wheel side member, a rod member positioned
inside the vehicle-body side member and the wheel side
member, moving relatively in an axial direction of the cyl-
inder with movement of the vehicle-body side member
and the wheel side member, a first sectioning member
fixed to an end portion of a wheel side of the rod member
and provided in a manner of contacting the cylinder so
as to move in the axial direction of the cylinder to thereby
section a space in the cylinder, and a second sectioning
member fixed to an end portion of a vehicle-body side of
the cylinder and sectioning a space in the wheel side
member, in which a first chamber positioned on a rod
member side of the first sectioning member and on the
cylinder side of the second sectioning member to accom-
modate fluid, a second chamber positioned on an oppo-
site side of the rod member side of the first sectioning
member to accommodate fluid and a third chamber po-
sitioned on an opposite side of the cylinder side of the
second sectioning member to accommodate fluid are
formed by the first sectioning member and the second
sectioning member, each of the first to third chambers
includes afiller gas inside in a sealed state so as to func-
tion as an air spring, and the first to third chambers fail
to communicate with each other.

[0013] According to the first aspect of the invention,
the capacity of the first chamber can be secured to be
larger and a compression ratio of the first chamber can
be suppressed not to be increased excessively by pro-
viding the second sectioning member.

[0014] Also according to the second aspect of the in-
vention, capacities of the first chamber and the second
chamber can be adjusted easily only by changing alength
of the cylinder as an upright-type cylinder is applied.
[0015] Also according to the third aspect of the inven-
tion, the space between the wheel side member and the
cylinder can be added as the capacity of the first chamber
by sectioning the space by the second sectioning mem-
ber.

[0016] Also according to the fourth aspect of the inven-
tion, capacities of the firstchamber and the second cham-
ber can be adjusted easily by providing injection ports
for injecting the capacity adjustment material.

[0017] Also according to the fifth aspect of the inven-
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tion, the capacity of the space portion can be added to
the first chamber by providing the space portion inside
the rod member.

[0018] Also according to the sixth aspect of the inven-
tion, it is possible to suppress spouting of the capacity
adjustment material and so on in the second chamber
as the second chamber and the gas pressure adjustment
portion communicate with each other through the tube.
[0019] Also according to the seventh aspect of the in-
vention, sealing performance between the first sectioning
member and the cylinder is improved.

[0020] Also according to the eighth aspect of the in-
vention, the capacity of the first chamber can be secured
to be larger and the compression ratio in the first chamber
can be suppressed not to be increased excessively by
providing the second sectioning member in the first sus-
pension means.

BRIEF DESCRIPTION OF DRAWINGS
[0021]

Fig. 1A is a view explaining a motorcycle applying a
front fork according to a present embodiment;

Fig. 1B is a view explaining the front fork according
to the embodiment;

Fig. 2 is a view for explaining a first front fork leg;
Fig. 3 is an enlarged view of a part "llI" in the first
front fork leg shown in Fig. 2;

Fig. 4 is an enlarged view of a part "IV" in the first
front fork leg shown in Fig. 2;

Fig. 5A is a view of the first front fork leg shown in
Fig. 2 seen from a direction Va;

Fig. 5B is a Vb-Vb cross-sectional view of the first
front fork leg shown in Fig. 2;

Fig. 6 is a view explaining areas of a rebound air
spring chamber and a rod inner chamber;

Fig. 7 is a view explaining another example of an
axle bracket portion;

Fig. 8 is a view explaining another example of a rod
portion;

Fig. 9 is a view explaining further another example
of the rod portion; and

Figs. 10A and 10B are views explaining operations
in a compression-side stroke and an extension-side
stroke of the first front fork leg.

DESCRIPTION OF EMBODIMENTS

[0022] Hereinafter, an embodiment of the present in-
vention will be explained in detail with reference to the
attached drawings.

[0023] Fig. 1Ais a view explaining a motorcycle apply-
ing afrontfork according to the present embodiment. Fig.
1B is a view explaining the front fork according to the
embodiment.

[0024] A motorcycle 1 shown in Fig. 1A includes a ve-
hicle body 2, a front wheel 14A which is awheel arranged
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in a front part of the vehicle body 2, a rear wheel 14B
which is a wheel arranged in a rear part of the vehicle
body 2, a rear suspension 3 connecting the vehicle body
2 to the rear wheel 14B, a front fork 4 connecting the
vehicle body 2 to the front wheel 14A and a handlebar 5
for steering the motorcycle 1.

[0025] The frontfork 4 (suspension system) according
to the embodiment is an upside-down front fork as shown
in Fig. 1B. The front fork 4 includes a first front fork leg
11A as an example of a first suspension means (suspen-
sion apparatus), a second front fork leg 11B as an ex-
ample of a second suspension means, a first bracket
12A, a second bracket 12B and a steering shaft 13. The
front fork 4 is provided so as to connect between the
handlebar 5 and the front wheel 14A of, for example, a
two-wheeled vehicle or a three-wheeled vehicle, absorb-
ing a shock as well as transmitting the steering of the
handlebar 5 to the front wheel 14A.

[0026] The first front fork leg 11A and the second front
fork leg 11B are arranged in right and left of the front
wheel 14A, connecting to the front wheel 14A through an
axle 14S. In addition, the first front fork leg 11A and the
second front fork leg 11B are constructed so as to be
extended and contracted in an axial direction. In the em-
bodiment, a longitudinal direction of the first front fork leg
11A is called the "axial direction" in the following expla-
nation.

[0027] The first front fork leg 11A does not include, for
example, a"damping mechanism". Besides, the first front
fork leg 11A includes a suspension spring made of an air
spring, not a metal spring. Also in the embodiment, the
second frontfork leg 11 Bincludes adamping mechanism
such as an oil damper and does not include the metal
spring. However, the second front fork leg 11B may have
the same structure as the first front fork leg 11A.

[0028] The first bracket 12A and the second bracket
12B connect between the first front fork leg 11A and the
second front fork leg 11B. Both ends of the steering shaft
13 are fixed to the first bracket 12A and the second brack-
et 12B respectively. The steering shaft 13 is coupled to
the vehicle body 2, thereby connecting the front fork 4 to
the vehicle body 2 so as to be steered (rotated).

[0029] Fig. 2 is a view for explaining the first front fork
leg 11A.
[0030] Fig. 3 is an enlarged view of a part "lll" in the

first front fork leg 11A shown in Fig. 2.

[0031] Fig. 4 is an enlarged view of a part "IV" in the
first front fork leg 11A shown in Fig. 2.

[0032] Fig. 5A is a view of the first front fork leg 11A
shown in Fig. 2 seen from a direction Va. Fig. 5B is a Vb-
Vb cross-sectional view of the first front fork leg 11A
shown in Fig. 2.

[0033] The first front fork leg 11A includes an outer
tubular portion 20, aninner tubular portion 30 and an axle
bracket portion 40 as shown in Fig. 2.

[0034] The outer tubular portion 20 includes an outer
tube portion 210 as an example of a vehicle-body side
member and an inner tube portion 220 as an example of
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a wheel side member as shown in Fig. 2.
(Outer Tube Portion 210)

[0035] The outer tube portion 210 includes an outer
tube 211 which is a tubular member, a bush 212A and a
seal member 213 arranged at an end portion of a wheel
side of the outer tube 211, a bush 212B pressure-fitted
to the outer tube 211 so as to be located in the vicinity
of an end portion of a vehicle body side of an inner tube
221 at a time of maximum extension and a fork bolt por-
tion 214 arranged at an end portion of a vehicle body
side of the outer tube 211.

[0036] The outer tube 211 is positioned on a vehicle
body side in the embodiment. The outer tube 211 is pro-
vided with an expanded tube portion 211D for holding
the bush 212A and the seal member 213 atan end portion
of the wheel side.

[0037] The bush 212A is an annular member and is
provided in an inner peripheral portion of the above ex-
panded tube portion 211D as shown in Fig. 3. The bush
212Bis an annular member similar to the bush 212A and
is provided between the outer tube 211 and the inner
tube 221. The bushes 212A and 212B reduce friction
resistance with respect to the inner tube 221 so as to
face an outer peripheral surface of the inner tube 221.
Then, the outer tube 211 and the inner tube 221 are con-
nected to each other so as to slide in the axial direction
through the bushes 212A and 212B.

[0038] The seal member213is aring-shaped member
and is attached to an inner peripheral portion of the ex-
panded tube portion 211D. Then, the seal member 213
seals a later-described outer air spring chamber R3 (third
chamber) air-tightly, which is formed by the outer tube
211 and the inner tube 221.

[0039] The fork bolt portion 214 includes a bolt 214B,
afirst seal member 214S, a second seal member 214G,
a gas pressure adjustment portion 214A and a rod hold-
ing portion 214H as shown in Fig. 2.

[0040] The bolt 214B is screwed inside the outer tube
211 and air-tightly fixed in the end portion of the vehicle
body side of the outer tube 211. Then, the bolt 214B
blocks an opening of the vehicle body side of the outer
tube 211.

[0041] Thefirstsealmember214S andthe secondseal
member 214G are positioned between the outer tube 211
and the bolt 214B, sealing a gap between the bolt 214B
and the outer tube 211. Then, the first seal member 214S
and the second seal member 214G respectively seal a
later-described rod inner chamber 321R and the outer
air spring chamber R3.

[0042] The gas pressure adjustment portion 214A is
attached to the bolt 214B at a position facing the outside.
The gas pressure adjustment portion 214A includes a
first gas pressure adjustment portion 214AL and a sec-
ond gas pressure adjustment portion 214AR as shown
in Fig. 5A. The first gas pressure adjustment portion
214AL and the second gas pressure adjustment portion
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214AR are arranged in right and left in the figure. The
first gas pressure adjustment portion 214AL communi-
cates with the rod inner chamber 321R, and the second
gas pressure adjustment portion 214AR communicates
with the outer air spring chamber R3. Accordingly, out-
flow of gas from the inside to the outside is prevented
and a filler gas pressure in the rod inner chamber 321R
or the outer air spring chamber R3 can be adjusted at a
time of adjustment. As the rod inner chamber 321R com-
municates with a rebound air spring chamber R1 as de-
scribed later, the adjustment of the filler gas pressure in
the rod inner chamber 321R is equivalent to the adjust-
ment of the filler gas pressure in the rebound air spring
chamber R1. A rubber film and so on through which an
injector needle of a gas-pressure injector can pierce can
be used for the gas pressure adjustment portion 214A.

[0043] The rod holding portion 214H is a member for
connecting and holding a later-described rod member
321. The rod member 321 is connected to the rod holding
portion 214H to thereby be air-tightly fixed to the outer
tube 211 through the rod holding portion 214H, the first
seal member 214S and the second seal member 214G.

(Inner Tube Portion 220)

[0044] The inner tube portion 220 has the inner tube
221 which is a tubular member as shown in Fig. 2.
[0045] Theinnertube 221 is positioned on a wheel side
in the embodiment. An outer diameter of the inner tube
221 is formed to be smaller than an inner diameter of the
outer tube 211. Then, the inner tube 221 is inserted into
the outer tube 211. Therefore, the inner tube 221 is con-
nected to the outer tube 211 and moves relatively with
respect to the axial direction of the outer tube 211. In the
inner tube 211, an end portion of a wheel side is fixed to
the front wheel 14A and an end portion of a vehicle body
side is inserted into the outer tube 211.

[0046] In the inner tube 221, a female screw portion
221J forming a connection portion with respect to the
axle bracket portion 40 is formed on the wheel side. Ad-
ditionally, the end portion of the vehicle body side of the
inner tube 221 is opened.

[0047] The inner tubular portion 30 includes a cylinder
portion 310 and a rod portion 320 as shown in Fig. 2.

(Cylinder Portion 310)

[0048] The cylinder portion 310 includes a cylinder 311
whichis atubular member, arod guide 312 as anexample
of a second sectioning member, a bush 313 arranged at
an end portion of a vehicle body side of the rod guide
312, a bottom piece 314 arranged at an end portion of a
wheel side of the cylinder 311 and a rebound spring 315
arranged between the rod guide 312 and a later-de-
scribed piston 322.

[0049] The cylinder 311 is provided inside the outer
tube portion 210 and the inner tube portion 220, which
is positioned on the wheel side in the embodiment. That
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is, a so-called upright type in which the cylinder 311 is
positioned on the wheel side and the later-described rod
member 321 is positioned on the vehicle body side is
applied in this case.

[0050] The rod guide 312 is fixed to an end portion of
the vehicle body side of the cylinder 311. That is, the rod
guide 312 is positioned at the end portion of the vehicle
body side of the cylinder 311 and fixed to the end portion
ofthe cylinder 311 by screw clamping and so on as shown
in Fig. 3. The rod guide 312 is provided so as to contact
the inner tube 221. Furthermore, the rod guide 312 has
a through hole 312H having a larger inner diameter than
an outer diameter of the rod member 321 (described lat-
er). The rod guide 312 supports the rod member 321
(described later) so as to be slidable, which pierces
through the through hole 312H. The rod guide 312 also
has an outer seal member 312S provided in an outer
periphery of the rod guide 312 and an inner seal member
312G provided in an inner periphery thereof. A gap be-
tween the rod guide 312 and the inner tube 221 is sealed
with the outer seal member 312S. A gap between the rod
guide 312 and the rod member 321 is sealed with the
inner seal member 312G.

[0051] The bush 313 is attached to the through hole
312H so as to face the rod member 321. Then, the bush
313 reduces friction resistance between the rod member
321 and the rod guide 312. Furthermore, the bush 313
guides sliding between the rod member 321 and the rod
guide 312.

[0052] The bottom piece 314 is arranged at the end
portion of the wheel side of the cylinder 311 as shown in
Fig. 4. The bottom piece 314 has a cylindrical shape.
Then, the bottom piece 314 is arranged between the end
portion of the wheel side of the cylinder 311 and the axle
bracket portion 40. In doing so, the cylinder 311 is fixed
at the end portion of the wheel side so as to move with
the inner tube 221.

[0053] The bottom piece 314 has a first seal member
314S and a second seal member 314G at an outer pe-
riphery. The the bottom piece 314 seals a gap between
the cylinder 311 and the axle bracket member 40 through
the first seal member 314S and the second seal member
314G.

[0054] The rebound spring 315 is made of, for exam-
ple, a metal coil spring. A spring force of the rebound
spring 315 biases the outer tube 211 and the inner tube
221 in a contracting direction.

[0055] In the embodiment, a space inside the inner
tube 221 is sectioned by the rod guide 312. Specifically,
part of the rebound air spring chamber R1 (a first cham-
ber) is formed in a cylinder 311 side which is a wheel
side of the rod member 321 and the outer air spring cham-
ber R3 (a third chamber) is formed in an opposite side
of the cylinder 311 side, namely, on a vehicle body side
of the rod member 321.
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(Rod portion 320)

[0056] The rod portion 320 includes the rod member
321 which is a rod-like member extending along the axial
direction, a piston 322 arranged at an end portion of the
wheel side of the rod member 321, a piston ring 323 and
a seal member 324 attached to the piston 322 and a
bump rubber 325 as shown in Fig. 3. In the embodiment,
a first sectioning member is constructed by the piston
322, the piston ring 323 and the seal member 324.
[0057] The rod member 321 is positioned inside the
outer tube 211 and the inner tube 221, relatively moving
in the axial direction of the cylinder 311 with the move-
ment of the outer tube 211 and the inner tube 221. The
rod inner chamber 321R (space portion) which is a
through hole extending from the end portion of the wheel
side to the end portion of the vehicle body side in the
axial direction is formed inside the rod member 321. That
is, the rod member 321 in the embodiment is formed in
a hollow shape.

[0058] The rod member 321 is provided with a vehicle-
body side male screw portion 321P connecting to the rod
holding portion 214H at the end portion on the vehicle-
body side as shown in Fig. 2. Then, the rod member 321
is fixed to the outer tube 211 through the rod holding
portion 214H by connecting the rod holding portion 214H
to the vehicle-body side male screw portion 321P. Ac-
cordingly, the rod member 321 is fixed so as to move
with the outer tube 211 at the end portion of the vehicle
body side.

[0059] In the rod member 321, a wheel-side male
screw portion 321J for connecting to the piston 322 is
formed on the wheel side as shown in Fig. 3. Then, the
rod member 321 holds the piston 322 by the wheel-side
male screw portion 321J. Moreover, the rod inner cham-
ber 321R inside the rod member 321 communicates with
and connects to the rebound air spring chamber R1 (the
first chamber) through a hole portion 316 on the wheel
side.

[0060] The piston 322 is fixed to the end portion of the
wheel side of the rod member 321. Specifically, the piston
322 is held by the wheel-side male screw portion 321J
of the rod member 321 as shown in Fig. 3. Then, the
piston 322 is provided in a manner of contacting the cyl-
inder 311 so as to move in the axial direction of the cyl-
inder 311.

[0061] The piston ring 323 is an annular member and
attached to an outer peripheral portion of the piston 322.
An outer diameter of the piston ring 323 is set to be ap-
proximately equal to an inner diameter of the cylinder
311.

[0062] The seal member 324 is an annular member
and attached to the outer peripheral portion of the piston
322. Two seal members 324 in total are provided in the
embodiment.

[0063] The bump rubber 325 absorbs the shock occur-
ring when the first front fork leg 11A is contracted to the
full by receiving a load as well as prescribes the most
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compressed position. More specifically, as the outer tube
211 and the inner tube 221 move in directions relatively
coming close to each other in the axial direction, the bump
rubber 325 contacts the rod guide 312 first. Then, after
the bump rubber 325 approximately 4mm deflects, metal-
to-metal contact occurs between the rod holding portion
214H and the inner tube 221 to limit the stroke, and this
position will be the most compressed position.

[0064] In the embodiment, the piston 322, the piston
ring 323 and the seal member 324 section a space inside
the cylinder 311. Specifically, part of the rebound air
spring chamber R1 (the first chamber) is formed in the
rod member 321 side as a vehicle-body side of the piston
322,and aninner air spring chamber R2 (a second cham-
ber) is formed in an opposite side of the rod member 321
side as a wheel side of the piston 322.

[0065] In the inner tubular portion 30 constructed as
described above, the rod inner chamber 321R commu-
nicates with the rebound air spring chamber R1 formed
by the inner tube 221 and the cylinder 311 through the
hole portion 316 as shown in Fig. 2. That s, in the inner
tubular portion 30, the rebound air spring chamber R1 is
connected to the rod inner chamber 321R so that a gas
can be circulated to each other.

[0066] The rebound air spring chamber R1 is sealed
with the seal member 324 of the piston 322, the outer
seal member 312S and the inner seal member 312G of
the rod guide 312 and so on. Therefore, the gas in a
space formed by the rebound air spring chamber R1 and
the rod inner chamber 321R is maintained in the sealed
state.

[0067] Fig. 6 is a view explaining areas of the rebound
air spring chamber R1 and the rod inner chamber 321R.
[0068] In Fig. 6, shaded portions are shown as the ar-
eas of the rebound air spring chamber R1 and the rod
inner chamber 321R. As shown in the figure, the rebound
air spring chamber R1 includes a space R1A on the rod
member 321 side in a space sectioned by the piston 322
in the cylinder 311 and a space R1B on the cylinder 311
side in a space sectioned by the rod guide 312 between
the inner tube portion 220 and the cylinder 311. The
space R1A and the space R1B communicate with and
connect to each other through a hole portion 317.
[0069] Additionally, an air chamber in the cylinder 311
is sectioned by the piston 322, the piston ring 323 and
the seal member 324, and the inner air spring chamber
R2 is formed in the wheel side of the piston 322. A gas
inside the inner air spring chamber R2 is maintained in
the sealed state by the piston 322, the seal member 324
and the bottom piece 314.

[0070] On the other hand, an air chamber in the inner
tube 221 is sectioned by the rod guide 312 to form part
of the rebound air spring chamber R1 on the wheel side
and to form the outer air spring chamber R3 on the vehicle
body side. A gas in the outer air spring chamber R3 is
maintained in the sealed state by the outer seal member
312S of the rod guide 312 and the seal member 213
between the outer tube 211 and the inner tube 221 and
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the fork bolt portion 214.

[0071] Additionally, the rebound spring chamber R1,
the inner air spring chamber R2 and the outer air spring
chamber R3 fail to communicate with each other.

(Axle Bracket Portion 40)

[0072] The axle bracket portion 40 has a tube holding
portion 41 and an axle connecting portion 42 as shown
in Fig. 4. In the embodiment, the tube holding portion 41
and the axle connecting portion 42 are integrally formed.
[0073] Theaxlebracketportion40 also has agas-pres-
sure adjustment portion 43, a quick coupler 44A and a
quick coupler 44B.

[0074] The tube holding portion 41 is a cylindrical por-
tion, having a smaller outer diameter than an inner diam-
eter of the inner tube 221. Then, an end portion of the
wheel side of the inner tube 221 is inserted into the tube
holding portion 41, and the tube holding portion 41 and
the inner tube 221 are screwed to each other in a liquid
tight manner through a seal member 314F.

[0075] The axle connecting portion 42 has an axle hole
42H to which the axle 14S of the front wheel 14A (see
Fig. 1B) is inserted. An inner diameter of the axle hole
42H can be changed by fastening an axle bolt 45, which
is formed so as to fasten the axle 14S of the front wheel
14A.

[0076] The gas-pressure adjustment portion 43 com-
municates with the inner air spring chamber R2 through
a sub-tank 43S. Accordingly, outflow of gas from an in-
side of the inner air spring chamber R2 to an outside can
be prevented by the gas-pressure adjustment portion 43
as well as pressure of a filler gas in the inner air spring
chamber R2 can be adjusted at the time of adjustment.
[0077] The quick coupler 44A and the quick coupler
44B are examples of inlets. The quick coupler 44A and
the quick coupler 44B also communicate with the re-
bound air spring chamber R1 and the inner air spring
chamber R2 respectively. Accordingly, oil can be poured
into the rebound air spring chamber R1 through the quick
coupler 44A as well as oil can be poured into the inner
air spring chamber R2 through the quick coupler 44B.
Therefore, capacities of the rebound air spring chamber
R1 and the inner air spring chamber R2 can be adjusted,
which facilitates the adjustment of respective compres-
sion ratios. The oil functions as a capacity adjustment
material for adjusting the capacity in the rebound air
spring chamber and the capacity in the inner air spring
chamber in this case.

[0078] The oil in the inner air spring chamber R2 is
accumulated at a side close to the bottom piece 314 in
actual status of use. Accordingly, the oil may spout out
from the gas-pressure adjustment portion 43 at a time of
adjusting (reducing) the pressure of the filler gas inside
the inner air spring chamber R2.

[0079] Fig. 7 is a view explaining another example of
the axle bracket portion 40.

[0080] In Fig. 7, the inner air spring chamber R2 and
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the gas-pressure adjustment portion 43 communicate
with each other through a tube 43T. The tube 43T is sup-
ported by a tube holding portion 43A, and the filler gas
can be injected from the gas-pressure adjustment portion
43 to the inner air spring chamber R2 through the tube
43T. An end portion of the tube 43T on the inner air spring
chamber R2 side is arranged so as to protrude to the
vehicle-body side to be higher than the liquid level of an
oil "O". Accordingly, it is possible to control the oil not to
spout out from the gas-pressure adjustment portion 43
also at the time of adjusting (reducing) the pressure of
the filler gas inside the inner air spring chamber R2.
[0081] Fig. 8 is a view explaining another example of
the rod portion 320.

[0082] The shown rod portion 320 differs from the rod
portion 320 shown in Fig. 3 in a point that a spherical
bearing 326 is further provided between the piston 322
and the rod member 321.

[0083] At a time of braking of the motorcycle 1 (see
Fig. 1A), a force (lateral pressure; side force) deflecting
the front fork 4 (see Figs. 1A and 1B) in a front and rear
direction of the motorcycle 1 is acted. At a time of turning
of the motorcycle 1, a force (lateral pressure; side force)
deflecting the front fork 4 in a lateral direction of the mo-
torcycle 1 is acted. At these times, the outer tube 211
and the inner tube 221 deflect in respective directions.
[0084] In these cases, a bending occurs between the
rod member 321 which moves with the outer tube 211
and the cylinder 311 which moves with the inner tube
221. When the bending occurs, sealing performance be-
tween the piston ring 323 and the seal member 324 ar-
ranged in series to the piston 322 and the cylinder 311
is liable to be reduced. Additionally, a frictional force be-
tween the piston ring 323 as well as the seal member
324 and the cylinder 311 is increased, and the piston 322
moves less smoothly in the axial direction of the cylinder
311. Moreover, as the piston 322 is liable to move in an
eccentric state, it is necessary to increase a lip interfer-
ence of the seal member 324 in consideration of an
amount of eccentricity. Accordingly, a frictional force be-
tween the seal member 324 and the cylinder 311 is in-
creased also due to the above, and the piston 322 moves
less smoothly in the axial direction of the cylinder 311.
Furthermore, a phenomenon in which the oil is scraped
by the seal member 324 and moves to another chamber
may occur when the piston 322 moves.

[0085] When the spherical bearing 326 is provided, the
piston 322 can swing around the spherical bearing 326.
Accordingly, if the bending occurs between the rod mem-
ber 321 and the cylinder 311 due to the lateral pressure,
the piston 322 follows the bending and swings. As a re-
sult, the sealing performance between the piston ring 323
as well as the seal member 324 and the cylinder 311 is
hardly reduced and the sealing performance is improved.
[0086] The spherical bearing 326 is a self-aligning
bearing. Eccentricity of the piston 322 is corrected by
providing the spherical bearing 322. Accordingly, the pis-
ton 322 hardly moves in the eccentric state. Therefore,
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itis possible to reduce (stabilize) the lateral pressure act-
ing on the piston 322 and the above problems hardly
occur. That is, the frictional force between the piston ring
323 as well as the seal member 324 and the cylinder 311
is hardly increased and the necessity of increasing the
lip interference of the seal member 324 hardly occurs.
Furthermore, the phenomenon in which the oil is scraped
by the seal member 324 and moves to another chamber
hardly occurs when the piston 322 moves.

[0087] In the context of a curvature radius, the smaller
a diameter of the spherical bearing 326 becomes, the
easier it can follow a slight deflection of the cylinder 311.
However, strength of the rod end portion 328 is reduced
when the diameter of the spherical bearing 326 is re-
duced, therefore, it is desirable to determine the diameter
in view of follow-up ability and strength.

[0088] Fig. 9 is a view explaining further another ex-
ample of the rod portion 320.

[0089] The shown rod portion 320 differs from the rod
portion 320 shown in Fig. 8 in a point that a rubber 327
is provided between the piston 322 and the rod member
321. That is, the rubber 327 is provided instead of the
spherical bearing 326 of Fig. 8.

[0090] The rubber 327 is a cylindrical member made
of, for example, resin and so on, which is an elastic body.
Accordingly, even when the lateral pressure is acted on
the cylinder 311, the lateral pressure can be reduced as
the rubber 327 is compressed. Therefore, the same effect
as explained in Fig. 8 can be obtained. It is possible to
respond to a deflection amount of the cylinder 311 by
changing hardness or thickness of the rubber 327.
[0091] In the cases of Fig. 8 and Fig. 9, the first sec-
tioning member is constructed by the piston 322, the pis-
tonring 323, the seal member 324 and the spherical bear-
ing 326 (or the rubber 327). Then, the spherical bearing
326 and the rubber 327 function as a lateral-pressure
reducing member for reducing the lateral pressure gen-
erated between the first sectioning member and the cyl-
inder 311.

[0092] Figs. 10A and 10B are views for explaining op-
erations in a compression-side stroke and in an exten-
sion-side stroke of the first front fork leg 11A.

(Compression-Side Stroke)

[0093] In the compression-side stroke of the first front
fork leg 11A, the outer tube 211 and the inner tube 221
move in directions relatively coming close to each other
in the axial direction as shown in Fig. 10A. On the other
hand, the piston 322 and the rod guide 312 move in di-
rections relatively going away from each other. Accord-
ingly, the rod guide 312 relatively moves toward the fork
bolt portion 214 of the outer tube 211, and the piston 322
moves in a direction inserted toward the wheel side in
the cylinder 311.

[0094] Whentherod guide 312relatively movestoward
the fork bolt portion 214 of the outer tube 211, the capacity
of the outer air spring chamber R3 is reduced and air in
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the outer air spring chamber R3 is compressed. At this
time, as the outer air spring chamber R3 is sealed, it
functions as an air spring. Then, a reaction force in a
direction of extending the outer tube 211 and the inner
tube 221 is generated in the outer air spring chamber R3.
[0095] Similarly, as the piston 322 moves toward the
wheel side of the cylinder 311, the capacity of the inner
air spring chamber R2 is reduced and air in the inner air
spring chamber R2 is compressed. At this time, as the
inner air spring chamber R2 is sealed, it functions as an
air spring. Then, areaction force in a direction of extend-
ingthe outertube 211 and the innertube 221 is generated
also in the inner air spring chamber R2.

(Extension-Side Stroke)

[0096] Inthe extension-side stroke of the first front fork
leg 11A, the outer tube 211 and the inner tube 221 move
in directions relatively going away from each other in the
axial direction as shown in Fig. 10B. On the other hand,
the piston 322 and the rod guide 312 move in directions
relatively coming close to each other. Accordingly, the
rod guide 312 relatively moves toward the wheel side of
the outer tube 211, and the piston 322 moves in a direc-
tion coming close to the vehicle-body side of the cylinder
311.

[0097] When the piston 322 moves toward the vehicle-
body side of the cylinder 311, the capacity of the rebound
air spring chamber R1 is reduced and air in the rebound
air spring chamber R1 is compressed. The rebound air
spring chamber R1 is connected to the rod inner chamber
321R. Accordingly, the rebound air spring chamber R1
and the rod inner chamber 321R function as air springs.
Then, a reaction force in a direction of contracting the
outer tube 211 and the inner tube 221 is generated in the
rebound air spring chamber R1 and the rod inner cham-
ber 321R.

[0098] As described above, in the front fork 4 to which
the embodimentis applied, a spring force of the air spring
formed by the outer air spring chamber R3 and the inner
air spring chamber R2 biasing the outer tube 211 and
the inner tube 221 in the direction of extending them, and
a spring force of the air spring formed by the rebound air
spring chamber R1 and the like biasing the outer tube
211 and the inner tube 221 in the direction of contracting
them are generated with respect to the extension and
compression strokes of the first front fork leg 11A.
[0099] Inthe embodiment, the air chamber in the inner
tube 221 is sectioned by the rod guide 312 to thereby
form part of the rebound air spring chamber R1 in the
wheel side and to form the outer air spring chamber R3
in the vehicle body side. Accordingly, the space R1B
which has beenthe outer air springchamber R3 inrelated
art can be used as part of the rebound air spring chamber
R1, and the rebound air spring chamber R1 can be
formed to be larger as compared with related art. As a
result, the compression ratio can be reduced even under
high pressure. Accordingly, the reaction force is stabi-
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lized in the vicinity of the maximum extension in the ex-
tension-side stroke, which improves steering stability.
[0100] There is a way in which a sub-tank connecting
to the rebound air spring chamber R1 for increasing the
rebound air spring chamber R1 is provided, however, the
sub-tank protrudes to the inner air spring chamber R2 in
the structure of providing the sub-tank. Accordingly, the
capacity of the inner air spring chamber R2 is reduced,
which may have an adverse effect. In contrast to the
above, the sub-tank is not necessary in the embodiment
by forming the space R1B as part of the rebound air spring
chamber R1. Accordingly, a capacity reduction in the in-
ner air spring chamber R2 by providing the sub-tank does
not occur. Furthermore, manufacturing costs of the first
front fork leg 11A can be reduced easily as it is not nec-
essary to provide the sub-tank.

[0101] Inthe embodiment, the cylinder 311 is arranged
on the wheel side as a preferable mode. In this case, it
is possible to adjust capacities of the rebound air spring
chamber R1 and the inner air spring chamber R2 easily
by changing a length of the cylinder 311. Accordingly,
the weight and manufacturing costs of the first front fork
leg 11A can be reduced.

[0102] Also according to the preferable mode in which
the cylinder 311 is arranged on the wheel side, the oll
poured in the rebound air spring chamber R1 and the
inner air spring chamber R2 for adjusting the above com-
pression ratios can be collected in a lower part of the first
front fork leg 11A. Specifically, the oil is collected in plac-
es shown by R1T and R2T in Fig. 4 and is stored there.
In contrast, if the cylinder 311 is arranged on the vehicle-
body side, the oil is positioned at an intermediate part in
the first front fork leg 11A. Accordingly, a phenomenon
in which the oil is scraped by the seal member and moves
to another chamber is liable to occur when the piston 322
moves. In the embodiment, the oil is collected in the lower
part of the first front fork leg 11A, the phenomenon in
which the oil is scraped by the seal member hardly oc-
curs.

[0103] When the oil can be collected in the lower part
of the first front fork leg 11A, the quick coupler 44A and
the quick coupler 44B can be provided, through which
the oil can be poured. Accordingly, each oil amount can
be adjusted more easily. As aresult, each oilamount can
be adjusted while the first front fork leg 11A is attached
to the vehicle body, therefore, the workability at a time
of adjusting the compression ratio is further improved.

Claims
1. A suspension apparatus comprising:

a vehicle-body side member formed in a tubular
shape and positioned on a vehicle body side;

a wheel side member formed in a tubular shape
and positioned on a wheel side, the wheel side
member connecting to the vehicle-body side
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member, moving relatively with respect to the
vehicle-body side member in an axial direction
of the vehicle-body side member;

a tubular cylinder provided inside the vehicle-
body side member and the wheel side member;
a rod member positioned inside the vehicle-
body side member and the wheel side member,
moving relatively in an axial direction of the cyl-
inder with movement of the vehicle-body side
member and the wheel side member;

afirst sectioning member fixed to an end portion
of a wheel side of the rod member and provided
in a manner of contacting the cylinder so as to
move in the axial direction of the cylinder to
thereby section a space in the cylinder; and

a second sectioning member fixed to an end por-
tion of a vehicle-body side of the cylinder and
sectioning a space in the wheel side member,
wherein a first chamber positioned on a rod
member side of the first sectioning member and
on acylinder side of the second sectioning mem-
ber to accommodate fluid, a second chamber
positioned on an opposite side of the rod mem-
ber side of the first sectioning member to ac-
commodate fluid, and a third chamber posi-
tioned on an opposite side of the cylinder side
of the second sectioning member to accommo-
date fluid are formed by the first sectioning mem-
ber and the second sectioning member,

each of the first to third chambers includes a
filler gas inside in a sealed state so as to function
as an air spring, and

the first to third chambers fail to communicate
with each other.

The suspension apparatus according to claim 1,
wherein the cylinder is fixed so as to move with the
wheel side member in an end portion of the wheel
side, and

the rod member is fixed so as to move with the ve-
hicle-body side member in an end portion of the ve-
hicle-body side.

The suspension apparatus according to claim 1 or 2,
wherein the first chamber includes a space on the
rod member side in a space sectioned by the first
sectioning member in the cylinder, and a space on
the cylinder side in a space between the wheel side
member and the cylinder, which is sectioned by the
second sectioning member.

The suspension apparatus according to any one of
claims 1 to 3, further comprising:

injection ports for injecting a capacity adjust-
ment material for adjusting a capacity of the first
chamber and a capacity of the second chamber.



17 EP 2 857 712 A2

The suspension apparatus according to any one of
claims 1 to 4,

wherein the rod member has a space portion inside,
which is formed in an axial direction thereof, and
the space portion is connected to the first chamber.

The suspension apparatus according to any one of
claims 1 to 5, further comprising:

a gas pressure adjustment portion for adjusting
a pressure of the filler gas in the second cham-
ber,

wherein the second chamber and the gas pres-
sure adjustment portion communicate with each
other through a tube.

The suspension apparatus according to any one of
claims 1 to 6,

wherein the first sectioning member includes a lat-
eral-pressure reducing member that reduces a lat-
eral pressure generated between the first sectioning
member and the cylinder.

A suspension system comprising:

a first suspension unit including a suspension
spring made of an air spring; and

a second suspension unit including a damping
mechanism,

wherein the first suspension unit includes

a vehicle-body side member formed in a tubular
shape and positioned on a vehicle body side,
a wheel side member formed in a tubular shape
and positioned on a wheel side, the wheel side
member connecting to the vehicle-body side
member, moving relatively with respect to the
vehicle-body side member in an axial direction
of the vehicle-body side member,

a tubular cylinder provided inside the vehicle-
body side member and the wheel side member,
a rod member positioned inside the vehicle-
body side member and the wheel side member,
moving relatively in an axial direction of the cyl-
inder with movement of the vehicle-body side
member and the wheel side member,

afirst sectioning member fixed to an end portion
of a wheel side of the rod member and provided
in a manner of contacting the cylinder so as to
move in the axial direction of the cylinder to
thereby section a space in the cylinder, and
asecond sectioning member fixed to an end por-
tion of a vehicle-body side of the cylinder and
sectioning a space in the wheel side member,
wherein a first chamber positioned on a rod
member side of the first sectioning member and
onacylinder side of the second sectioning mem-
ber to accommodate fluid, a second chamber
positioned on an opposite side of the rod mem-
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ber side of the first sectioning member to ac-
commodate fluid and a third chamber positioned
on an opposite side of the cylinder side of the
second sectioning member to accommodate flu-
id are formed by the first sectioning member and
the second sectioning member,

each of the first to third chambers includes a
filler gas inside in a sealed state so as to function
as an air spring, and

the first to third chambers fail to communicate
with each other.
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